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PAVEMENTS: 


PROGRESS IN EXPERIMENTS WITH CONTIN- 
UOUS REINFORCEMENT 


IN CONCRETE 


Reported by HARRY D. CASHELL, Assistant Highway Engineer, Public Roads Administration, and SANFORD W. BENHAM, Research Engineer, Indiana 
Highway Commission 









































| ba is the second re- | ter A through the 
anth: ; . weakened-plane joint; (4, 
port describing an sport contains data obtained during the first the bond - red ne i @) 
experimental reinforced * observation of continuously reinforced con- 
aia ahinaaiaidlh eeciadaas -yament sections. steel and the concrete 
concrete pavement inves 1 ; ¢ 
E tigation that is being con- han, 3 in pavement elevation have been small and was broken for a dis- 
194) fF Ugat : ~ li 5 Is ti eis nothing to indicate that these changes have tance of 18 inches on 
= ducted by the I ublic Roads aff ‘ted the structural condition of the various sections each side of each weak- 
; / Administration and_ the Tne annual cycle of length change of the varieus . ac 2 Sata te ; 
ine. Indiana State Highway see..ons shows that those approximately 150 feet long ened-plane joint by omit- 
sil Cosamisnion. In the frat mee with as much freedom as the very short sections. ting the transverse steel at 
———— =) | jm f h The movement of sections greater than 150 feet long this point and by greasing; 

; report ~ the scope of the is apparently restrained by the subgrade and this and (5) dowel bare. ine 

» study was outlined in detail rest.aint is progressively greater as the section length Ic Fis BP ste ing 1 d 
— — and the construction of the is increased. ' : ' nn iy wy" alt a eae 

‘ experimental pavement In the long, heavily reinforced sections many fine across one-ha of the 

< sf : . 4 cracks have developed in the central areas. In the weakened-plane joints of 

> was described. The pres- sections of intermediate length containing '4-inch steel each section 

ent report contains a bars a moderate amount of cracking has developed, sia 29 eee 

* veneral discussion of the while only a very limited amount of cracking has The distinguishing fea- 

= 5 . . . “ae . . 

M current condition of the occurred in the short sections containing welded wire tures of the four sections 

pee “ : fabric. Although the width of the cracks is slightly are as follows: 

pavement, W ith data show- greater in the sections containing the smaller amounts N W kk -pl 
ing the more important of longitudinal steel there is no evidence of spalling, _ JNO. 1. eakened-piane 

é developments and trends raveling, aeaeogreton, ste’ agg yr od — joints are of the sub- 

) that have become evident womuaes <= Sey ie Sree al Saas eee merged type and the 

MM durinc its 2-v , aks the le 1gth of the section as constructed and the average welded fabric reinforce- 

oe curing its 2-year life. The slab. ngth (or the distance between transverse cracks) salelia 

> purpose of this report is appears to exist. So far, no relation has been found ment weighs 91 pounds per 
— FF not to draw definite con- ae eee 7 «a 

a * se 3 , e amount of longitudina eel. ' No. 2. is j i 

3 — regarding the Relative roughness determinations over the various ins 'N ae - 

). CG re ative merits of the sections show that the surface of the sections was very Sone SS Sve. 5) See 

“ai various sections, but to smooth after about 18 months of service. that it 18 reinforced 

Cali." present data that will show with a 45-pound welded 
the observed behavior to fabric. 

1H date. a No. 3. Weakened-plane 

) Toenable a better understanding of the data, certain | joints are of the surface groove type and the reinforce- 
essential details of design that were presented in the | ment weighs 91 pounds per square. 

“| » fst report will be repeated here. The number and | | No. 4. The section is the same as No. 3, except that 

Hlength of the sections and the amount and type of | it is reinforced with a 45-pound welded fabric. 

«Nf reinforcement used in each are given in tables 1,2, and | The amount of longitudinal steel in the 91-pound 

.y p23 It will be noted that the values of the calculated | welded fabric is 77 pounds per square; that in the 45- 
maximum steel stresses are such as to permit direct | pound welded fabric is 35 pounds per square. 

Dist FS Comparison between sections containing different types | The strength of the concrete was determined by com- 

ocfn & Well as different percentages of longitudinal steel. | pression tests on drilled cores at the age of 6 months. 

4 The average unit tensile strength of each of the differ- | The average strength was found to be 6,360 pounds per 

cnt types and sizes of steel reinforcement as found by | square inch. The average density of the concrete was 
A BS tests is viven in table 4. It is apparent from these | 154 pounds per cubic foot. 

A data that the yield points of both the billet and rail The experimental pavement was constructed during 
en psteel bars are appreciably higher than the calculated | September and October 1938 as a regular Federal-aid 
; We Maximum stresses shown in tables 2 and 3. project, being a part of the transcontinental highway 

f Bie . 71 ; ; ; 

» . In addition to the regular sections, four other sec- | US 40. Approximately 1% miles of this 6-mile experi- 
mie —_ were included in which special joint designs and mental pavement has been subject to heavy truck and 

é ifferent methods of reinforcing were employed. The passenger-car traffic for nearly 2 years, while the re- 
— 0 common features of these four sections are: | maiming 4% miles has been under the same traffic for 
othe fmm (1) Each section is 500 feet long; (2) weakened-plane | 1% years. 

il a were placed at 10-foot intervals in each; (3) re- The schedule of observations described in the first 
~ Inlorcement consisted of welded fabric placed con- | report has been adhered to, and for detailed information 
occu — concerning this program the reader is referred to the 
> COP) FES Board, Deocn tee7at the Twentieth Annual Meeting of the Highway Research | first report. Briefly, the schedule comprises: 
ee griments with Continuous Reinforcement in Concrete Pavements, by Earl 1. Measurement of changes in pavement elevation. 
wad ena , ; “we wos Tove ‘ . 
— card, vol. 19, 1990; also PUBLIO ROADS na ee fot eee 2. Measurement of changes in length of the experi- 
Bfeet oF 10 fect grein ops Biven in these tables are nominal lengths and may be either mental sections. 
: s © n y r type S22 
 Geaion joints wenp testaiied ee ee eae Er it 3. Condition and crack surveys. 
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TABLE .1.—Details of steel reinforcement in 


experimental rein- 
forced concrete 


pavement; ' cold drawn wire (welded fabric) 


149POUND 


Caleu- Reinforcement size and spacing 
Num- lated Weight 
ber of ——_ maxi- of longi 
SeC- | section mum tudinal 
tions * stress in Longitudinal Transverse steel 
steel 
Pounds Pounds 
per per 100 
square square 
Feet inch feet 
6 140 25, 000 
. d=0.3% 
6 190 | 35,000 ||No 1 : rs : “0.3938 || No. 3; 12 inches center ; 
6 250 45, 000 | oe ~ a le cen- | to center < 
6 310 55, 000 er to center 
107-POUND 
6 90 25, 000 . 
6 130 | 35,000 |e: me ; 0.3938 | No. 3; 12 inches center 
6 170 45, 000 | ee “ din a See { tocenter 
6 200 55. 000 er to center 
91-POUND 
6 80 25,000 ) i 1=0.3625 
fi 110 | 35,000 [0 ree eee ee? No. 4; 12 inches center = 
6 140 $5, 000 | = 1, tee eS Cen- { to center ; 
6 170 55, 000 er to center 
65-POUND 
6 60 25, 000 . 
» ed =O 4005 nN 
6 80 35, 000 [No v5 a pty | No. 6; 12 inches center 
6 100 45,000 | — 
ti 120 55, 000 cent 
45-POUND 
6 30 25, 000 . = 
{ « a=W é » a 
6 50 =. 35, 000 [No in _ a caoathng a | No. 6; 12 inches center 
6 60 $5, 000 | A. oy — { to center 
6 0 55, 000 center. 
32-POUND 
6 20 25, 000 
~ ry 6: d=0.1920 . 
6 30 35, 000 | ape she : os — |No. 6; 12 inches center ) 
ti 40 45, 000 | Booms: ace Cone { to center f “< 
6 50 55, 000 conver 


1 Sections are 10 feet wide 


In addition to these observations, during the past year 
measurements were made of the relative surface rough- 
ness of the various sections. The results of all of these 
various studies are presented in this report. 


PAVEMENT ELEVATIONS DETERMINED PERIODICALLY 


In connection with the presentation of the pavement 
elevation data certain pertinent physical characteristics 
and moisture determinations of the subgrade are given 
in table 5. The soil samples were taken from the 
finished subgrade at the depths indicated. 

The first set of elevation measurements to establish 
the normal elevation of the pavement was started as 
soon as possible after the necessary bench marks had 
been established and the measuring points installed in 
the pavement. 

Unfortunately, the first set of elevation measurements 
had been completed on only about 1% miles of the 
experimental pavement before the first freezing weather 
occurred, so it cannot be certain that the remaining 
portion was entirely undisturbed at the time of the 
first measurements. However, the winter of 1938-39 
was generally mild in this area and frost did not pene- 
trate more than a few inches at any time. 
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TABLE 2.-—Details of steel reinforcement in experimental reinforce 


concrete pavement;! billet steel bars (intermediate grad 
deforme d 
Caleu Reinforcement size and spacing 
Num lated We 
; Length 
ver of f , maxi of 
yf eac 
no | = mum tu 
seciio r 
ani stress ir Longitudinal l'ransverse 
steel 
Pour I 
per p ; 
square 
Feet inch 
2 360) 15, OO l-inch round bars; ‘inch round bars 
2 600 25, OOO 6 inches center to 24 inches center to 
2 S40) $5. 000 center center 
2 1, OSO $5, OOO 
{ ») 15, 000 s-inch round bars; | 'g-inch round bar 
4 340 25, 000 6 inches center to 24 inche center to 
{ $70 45. 000 center center 
4 610 45, 000 
{ 90 15,000 14-inch round bars lo-inch round ba 
$ 150 25, OOM 6 inches center to 24 inches center 
} 210 O00 nter center 
4 270 } nn 
t OO 15, 00% «inch round bar inch roun bar 
} x0) 25, OOO 6 inches center t 24 inche -_ 
‘ 120 CS ah) center center 
Lit 15. OO 
f 20 ww) ;-inch round bars; 4-inch round bars 
( 10) 25, OOF 6 inches center to 12 inches enter t 
6 “ ow) center 
re 
= il ‘ 
TABLE 3 Details of steel reinforcement in ex pe mental re¢ 


concrete l ra l steel hars (deformed 


pave rie nt 


Calcu- Reinforcement size and spacir 





tudinal lrransverse 


— 
Seen = 





Fee 

2 Hurt 25, OO round = bars I 1 t 
2 4 Th t enter t 4 ne nter 
2 Ont { er center 
2 1, 32t AL 
4 j 2 ( ‘ round bar 16-inch round t 
{ 4 On 6 inches center t 24 t ‘ r 
j él $5. 000 center nt 
4 74 55, OOF 
$ 150 25, 000 g-inch round bar lg-inch round = bar 
i 210 5. 000 6 inches center ‘o 24 inches center 
$ 270 £5, 000 center center 
ry 30) 5. 000 
t s! 25, 000 s-inch round bars sinch round bar 
6 120 85, OOO 6 inches center to 24 inches center 

1) 45, 000 center center 
t 1S0 55, 000 
f 4() 25,000 | 44-inch round bars; '4-inch round ba 
6 a) 85, 000 6 inches center to '2 inches center t 
6 nO $5, 000 center center 
6 x0) 55. 000 

i Sections are 10 feet wide 
ln . . sia 
The second set of elevation measurements ove! 
full length of the experimental sections was made durili S 


October 1939, the pavement then being about | yee t 
old. It is believed that by this time the subgrade bi 


attained a normal moisture condition throughout # t 
the pavement slab was at an elevation norma! for 0 


season. , d 


The third set of elevation measurements over the!’ By ¢ 
length of the experimental sections was made in Janv®! By 
1940. This was a severe winter and frost had pet ! 
trated to a depth of about 20 inches at the time ol ™ By t 
measurements i 


: 
“ 
3 
has 











sae — TT a 
a + IL 
A. 
CG) 
I x ) a} be 
‘ 
4 4 
, a > - 
1 
he 
wea 
! — = ————_ 
re 
P 2 3 
PERCENT 
+ . 
8 63 19 4 
+ 
4 o 13 2 23 4 18 
+ + + } 4 4 
MiT 37 43 28 19 35 29 
r + + > + + 
| PLAST TY INDE x 12 19 7 6 
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FicurRE 1.—CHANGES IN ELEVATION OF CERTAIN SECTIONS OF PAVEMENT AT END OF First YEAR, AND PHysiIcaL CHARACTERISTICS 
OF SUBGRADE SOIL. 


ABLE 4. Tensile stre ngth of steel re inforce ment 


WELDED FABRIC 


Average tensile strength 


Weight 
Longitudinal Transverse 
wires wires 
Lb. per sq Lb. per sq. in Lb. per sq. in 
$2 SS, 700 84, 767 
45 81, 000 &7, 000 
65 83, 700 87, 800 
V1 SY, 100 SS, SOT 
107 80), 250 8H, 150 
' 149 81, 820 81, 820 


BILLET STEEL BARS 


Average tensile strength 














Diameter 
Yield point Ultimate 
Inch Lb. per aq. in Lb. per sq. in 
\4 56, 850 77, 300 
3, 55, 480 81, 940 
ly 51, 433 78, W7 
34 49, 132 78, 468 
l 46, 043 78, 033 
RAIL STEEL BARS 
“4 60, 250 84, 600 
3% 66, 650 93, 625 
68, 768 115, 312 
% 64, 428 255 
1 63, 342 113, 202 
i be Other measurements of the elevation of certain 
om selected sections of the pavement have been made from 
| ‘ time to . 
. ‘ In figure 1 are shown the changes in pavement eleva- 
il 
it a tion that ad occurred on typic al sections at the end 
2 of the first year of pavement life, using the elevations 
he ful ame determined in the fall of 1938 as a base. The moisture 
xual ) ondition and other subgrade soil data at the time the 
wy — pavement was placed are shown also in this figure. 
ats 
r , Although no moisture determinations were made at the 
OL t 





time the second set of elevation data was obtained, it 
is only reasonable to expect that changes had occurred 












TABLE 5.—-Subarade soil data 


Moisture content 


ity 0-3 3-12 12-24 
index | inches | inches inches 
below | below below 

surface surface | surface 


Perce Percent Percent Percent Percent Percent Percent 
Maximum t 2 52 26 22. 6 24.0 21.0 
Minimum 20 19 4 6.1 8.9 s 
Average 1s 33 12 12.8 15. § 17.1 
This maximum percentage was exceeded in two instances; however, these cases 
were not considered as representative of the entire project 


during the year since the concrete was placed. It is 
believed that the changes in pavement elevation that 
had developed during this period were caused by 
changes in the physical state of the subgrade soil. 

It will be noted that little change occurred at any 
point in the 595-foot section. In the 830-foot section 
the most noticeable change was a settlement of 0.2 inch 
near the center. It was observed that the subgrade in 
this area was somewhat spongy at the time the con- 
crete was placed. Figure 1 shows that over much of 
the length of both the 335-foot and the 1,070-foot sec- 
tions the elevation increased 0.1 to 0.2 inch, while on 
the 1,310-foot section slight increases and slight de- 
creases developed in certain areas during the first year. 

The data in figure 1 give a fair indication of the gen- 
eral order of the changes in elevation that were observed 
at the end of the first year. Over the entire length of 
the experimental sections no change in elevation of more 
than 0.5 inch was found at this time. 

Using as a datum the elevations measured on the 
pavement surface in October 1939, when presumably 
the sections had stabilized at their normal position for 
this season of the year, the positions of certain selected 
sections are shown in figures 2, 3, and 4 as they were 
found to be: (1) In January 1940 with the subgrade 
frozen deeply; (2) in May 1940 after thawing was 
complete; and (3) in October 1940 after the annual 
cycle of change was again completed. 
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FIGURE 2.—SEASONAL CHANGES IN ELEVATION OF SELECTED SECTIONS DURING THE SECOND YEAR, AND PuysiIcaAL CHARACTERIS 
OF SUBGRADE SOIL. 
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FIGURE 3.—SEASONAL Cuanans IN ELEVATION OF SELECTED Sections DuRING THE SECOND YEAR, AND PuysicaL CHARACTERISTICS t 
OF SUBGRADE SOIL. g 
In these figures the data are divided into three groups | were better sealed and did not aggravate the frost n 
on the basis of the amount of longitudinal reinforcement | heaving, in contrast to the expansion joints in the longe! 
present (and indirectly the general length of the sec- | sections. u 
tions). In figure 2 are shown data for sections contain- | In spite of the deep freezing the magnitude of th t 
ing 1-inch diameter bars and of considerable length; | frost heaving is not large, being ge nerally within the ¢ 
in figure 3 are data for those containing \-inch diam- | range 0.2 to 1.0 inch. It i is not uniform, varying ae '?P 
eter bars and of intermediate section length; while in | ably with the physical characteristics and cor ition fi 
figure 4 are data for relatively short sections reinforced | of the subgrade soil. In this connection it is of interest PF) i 
with welded wire fabric. | to note that at places where lateral drains were placed fe 
It is of interest to note that the changes in elevation | under the 360-foot section the magnitude of th. frost J 9 li 
caused by freezing are (1) of relatively small magni- heaving was less than at any other point. » | 
tude; (2) not uniform; and (3) frequently greater at | It is believed that the flexure caused by the nonut tl 
the expansion joints than elsewhere in the sections. formity of the frost heaving was not sufficient io frac > 1 
Figure 5 contains similar data showing changes in | ture the sections and the condition surveys confirm this [4 f 
elevation caused by freezing at six joints in the central | _ After the soil had competely thawed, the elevation F@ 
area of each of the four 500-foot sections, which have | the pavement was, in general, slightly greater thal Fay is 
warping joints at 10-foot intervals. The same general | before freezing occurred. Between hg 1940 and Fe tl 
order and nonuniformity of heaving is evident in these | October 1940 little or no change in pavement elevatio® [7 
sections. It appears, however, that the warping joints | developed. a 
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Sections DurRING THE SECOND YEAR, AND PHysICAL CHAR- 
ACTERISTICS OF SUBGRADE SOIL. 


These data emphasize the importance of subgrade 
uniformity and of tightly sealed joints as aids in main- 
taining the structural integrity of concrete pavements 
exposed to freezing conditions. 

DAILY AND ANNUAL CHANGES IN SECTION LENGTH OBSERVED 

As a part of the regular schedule, measurements are 
made of the daily and annual changes in section 
length * of a number of representative sections. The 
daily change in length is primarily that caused by the 
temperature change, but the annual change combines 
the length changes caused by temperature and moisture 
changes with any permanent change in length from 
Other causes. In the present report only the annual 
change in length will be discussed. Measurements of 
this inovement are made at the expansion joints of 1 
section of each length for each of 3 types of reinforce- 
ment, 2 total of 64 sections. 

In figure 6 are shown the average maximum changes 


in length observed for sections of different length during 
the first and the second years of pavement life. The 
changes in average pavement temperature accom- 


panying these changes in length were 63° F. for the 
first year and 87° F. for the second year. For clarity 
In presentation, the points representing observed values 
for the jirst year are omitted from the graph. The two 
light straight lines, that appear to be tangent to the 
lower portion of the two curves, were drawn through 
the points for the shorter sections and thus represent 
the relation for short sections that are comparatively 
free to expand and contract. 

_ The type of reinforcement used in the various sections 
is denoted by the character of symbol and it is apparent 
that_ type of reinforcement exercises no significant 


* The term “annual change in section length,” as used in this report, refers to the 
anges in length that occur between midwinter and midsummer. The 
e, therefore, approximately the maximum for the annual cycle. 
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influence on the magnitude of the length changes thus 
far observed. 

The two curves in figure 6 represent length changes 
that accompanied temperature changes of quite different 
magnitude. When the two sets of data are reduced to 
a common temperature base, it is found that the length 
changes observed during the second year, for sections 
exceeding 600 feet in length, are appreciably greater 
than those during the first year. For example, take the 
extreme case of the 1,310-foot section. During the 
first year the observed change in its length was 1.64 
inches. Multiplying this by the temperature ratio 
87/63 gives 2.27 inches, the change in length that might 
be expected with an 87° change in temperature. Dur- 
ing the second year, however, a change in length of 
2.72 inches was observed. Thus, it appears that the 
change in length was affected by temperature and also 
by other influences. It seems possible that the restraint 
offered by the subgrade may have been less after the 
pavement had been through an annual cycle of moisture 
and temperature change. 

The difference in restraint increases with section 
length up to lengths of about 1,000 feet, after which it 
is practically constant, indicating that it is more prob- 
ably the result of changes in soil resistance than of 
other causes. 

When the changes in length observed during the two 
annual cycles are reduced to unit values per degree 
temperature change and related to the corresponding 
section lengths, the curves shown in figure 7 result. 
This figure is of interest in showing how the magnitude 
of the annual length change varies with the length of 
the section. The unit length change, although ex- 
pressed in terms of temperature, is not actually a 
coefficient of thermal change alone but rather a co- 
efficient of length change that involves temperature, 
moisture, and perhaps other influences. The relation 
is useful in indicating the order of movement to be ex- 
pected at the ends of pavement slabs of various lengths. 
It appears from this figure that for sections up to 150 
feet in length the coefficient has a value of about 
0.000004. As the length of section is increased to about 
600 feet, the value of the coefficient is reduced to about 
75 percent of that for short sections; while for sections 
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1,200 to 1,300 feet in length it is reduced to about 
percent. 

In the discussion of figure 6 it was pointed out that 
for long sections the changes in length that accom- 
panied a given temperature change were greater during 
the second year than during the first year. This is 
shown perhaps more clearly in figure 7. 

The annual longitudinal movements observed at?the 
center, quarter-points, and ends of the 1,310-foot 
section are shown for each of the two years in figure 8. 
The value shown for the quarter-point and that shown 
for the end is in each case the average of the measure- 
ments at both quarter-points and at both ends of this 
section. In this graph are shown also straight-line 
relationships between movement and section length as 
observed on the short and relatively unrestrained slabs 
during each annual period. 

During the first year the movement at the quarter- 
points was about 10 percent and at the ends about 40 
percent of that which would be expected in a free slab 
of this length. During the second cycle the movement 
at the quarter-points was about 33 percent and at the 
ends about 54 percent of that of the hypothetical 
unrestrained section. This is added evidence that less 
restraint to longitudinal movement was present during 
the second cycle of length change. 
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NUMEROUS CRACKS FORMED IN LONG 
SECTIONS 


» HEAVILY REINFORCED 


Figures 9, 10, and 11 are typical crack survey sheets, 
including data obtained in the six surv eys made up to 
this time. These surveys were made during the various 
seasons of each of the 2 years of the service life of the 


pavement. Figure 9 shows the location of cracks in a 
1,070-foot section reinforced with 1-inch diameter 


billet steel bars; figure 10 shows data for sections 90, 
150, and 330 feet in length reinforced with %-inch 
diameter steel bars; and figure 11 shows data for sec- 
tions 20, 30, 40, 50, 60, 80, 100, and 120 feet in length 
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containing three different weights of welded wire fabri 
reinforcement as noted. 
Referring to figure 9, it will be noted that numy 
cracks have formed in the central area of this lot 
heavily reinforced section. In this area cracks ar 
frequently less than 2 feet apart, but near the ends th: 
spacing gradually becomes much greater. This man- 
ner of cracking was anticipated. The cracks ar 
barely visible even on very close inspection ana non 
has opened sufficiently to indicate an inelastic elongat 
of the steel. 


tegration and the section is structurally intact. Figu! 
12—A is a recent photograph of a crac k typical of thos 
rll formed early in the life of this section. 

In the intermediate-length sections shown in figure 
10 containing much less reinforcement, the number 0! 
cracks that have formed in a given length is much 
smaller than that found in the longer, more |ieavily 


reinforced sections. Of the three sections representet 
in figure 10, only the 330-foot section has an apprec “iabl 
number of cracks discernible at this time. In the 
1Q- fo 

icks 1 


150- 


foot section only one crack has formed and the | 
section contains no full length cracks. 
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more open than those in the more heavily reinforced 
sections, but the difference is slight and no quantitative 
data are available at this time. There is no spalling, 
disintegration, or evidence of inelastic deformation of 
the steel in these sections. Figure 12—B shows the 
present appearance of a typical crack in this part of the 
pavement. 

As will be noted from figure 11, little or no cracking 
has occurred to date i in the shorter sections reinforced 
with welded wire fabric. Of the nine sections re pre- 
sented in this figure only two have cracked across the 
full width of the slab. These are the 40- and 50-foot 
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the intermediate-length sections appear to be slightly | sections reinforced with the 32 -pound fabric, the light- 


est weight used. Figure 12-C shows the present 
appearance of one of these cracks. The cracks are 
open slightly but there is no spalling, disintegration, or 
evidence of steel failure. 

Comparison of figures 9, 10, and 11 indicates the 
existence of a relationship between the average slab 
length, or number of cracks, and the length of the sec- 
tions, or amount of longitudinal reinforcement. A 
study has been made of this relationship and in figure 
13 is shown the relation between length of section “and 
the average slab length as found in March 1939 and 
again in November 1940. The sections represented 














Figure 12.—Typicat Cracks tn: A, Lona Section 


REINFORCED WITH 1-INCH DIAMETER Bars; B, INTERMEDIATE-LENGTH SECTION 


REINFORCED WITH }4-INCH DIAMETER Bars; AND C, 30-root SecTION REINFORCED WITH 32-POUND WIRE FABRIC. 


in this graph include three sizes of bar reinforcement 
and several weights of welded wire fabric. As in other 
figures, the points for the first survey have been 
omitted for the sake of clarity. 

At the time of the March 1939 survey little or no 
cracking was found in sections having lengths of 210 
feet or less. In sections longer than 210 feet cracking 
occurred and the frequency, as indicated by the average 
slab length, increased rapidly with increase in section 
length. For example, at the time of this survey the 
average uncracked slab length of the 250-foot sections 
was approximately 120 feet, that for the 600-foot sec- 
tions was about 16 feet, and that for the 1,070-foot 
sections was about 13 feet. 

By November 1940 a considerable change had 
occurred. The average length of the uncracked slabs 
had been reduced to about 130 feet. The average slab 
length of the 250-foot sections had been reduced to 
about 23 feet, the 600-foot sections to about 10 feet, 
and the 1,070-foot sections to about 6 feet. 

While it might be inferred from figure 13 that the 
average slab length is not influenced by the amount of 
longitudinal steel present, it is believed desirable to 
await further developments before attempting to draw 
any conclusion regarding this point. 


SUBGRADE RESISTANCE CAUSED CRACKING IN LONG SECTIONS 


Figure 14 shows the manner in which the cracking 
developed in the sections of various lengths with respect 
to time of year. The long sections shown are reinforced 
longitudinally with 1l-inch diameter bars, the inter- 
mediate sections with %-inch diameter bars, while the 
short sections contain the three lighter weights of welded 


fabric (32, 45, and 65 pounds per square). The condi- 
The 


tion at the time of each of the six surveys is shown. 


laid. At this time about 40 percent of the cracking that 
now exists was present in the long sections and about 
20 percent in the intermediate-length sections. By 
March 1939 there had been but little change although 
the pavement had passed through a winter. 

The survey in October 1939 showed a very great 
change in all groups. Since October 1939 there has 
been only a gradual increase in the number of cracks 
in all of the sections. The rate of cracking during this 
period has been greater for the shorter sections, 
although so few cracks have occurred that this is 
probably not significant. Figure 14 indicates that the 
severe freezing of December 1939 and January 1940 hiad 
no noticeable influence on the rate of cracking. 

The tensile stress in the concrete caused by the resist- 
ance offered by the subgrade is apparently responsible 
for most of the cracking that has occurred in the longer 
sections. This is indicated by the fact that compara- 
tively little cracking has developed thus far in either the 
shorter sections or in the ends of the longer sections. 
In long slabs reinforced with continuously bonded 
longitudinal steel, the tensile stresses in the concrete 


| caused by subgrade resistance are relieved when a crack 


| or rupture occurs. The forces that caused the stresses 
_ are transmitted across the rupture plane by the steel 
and are transferred back to the concrete by the 
bond between it and the steel. The distance required 
for this transfer depends upon the magnitude o! the 


force and the quality of the bond available. This 
explains why cracks have formed at such close intervals 
in the long sections with large amounts of reinforcement 


and at greater intervals in the shorter sections con- 


first survey was made after the completion of the curing | 


period and within about 1 month after the section was 


| during the summer when the temperature rises 


taining relatively small amounts of reinforcemen' 
Because the pavement was laid in the fall of the year, 
it might be expected that, in the long sections th«t are 
restrained, there would be a residual compressive +tress 
pove 


y Sills 3 gsi teeta tu 














3 


wal 


ey a 


J AIDE RA pa, 





fe 













he 
ed 
he 
NS 
ils 


ve 

















3 
% 
% 
4 
3 
4 
ci] 
$ 
: 


“ 


hss ARE NE Lace 


aN 


an 


Sie = i acl te tie att) = Ls Tene 








May 1941 


PUBLIC ROADS 

















Oo | -INCH 








I + 3/4-INCH} BARS (RAIL & BILLET 
r \ 4 1/2-INCH 
Me ar © WELDED FABRIC 
“160 7 + + + 
a } / \ 
2 ao 
w j 
4120 1 \ 
oO f | 
4 r | \ 
= f | \ —MARCH 1939 
w | ¥ 
i | 
= ® | \ 
« if \ 
. i ‘ 
\ —\——-NOVEMBER 1940 
! 
4 YU \ 
40 ile N 
I ‘ Se, 
a le eal ene on mote Sat 
—+—0 
0 1 L | eae aes 2 
0 : 4 6 - °) 2 
ENGTH OF SECTIONS WHEN PLACED - HUNDREDS OF FEET 


-RELATION BETWEEN LENGTH OF SECTION AND 


AVERAGE SLAB LENGTH. 


FicgurE 13. 


that at which the concrete was placed and a correspond- 
ing residual tensile stress when the temperature falls 
below that point during the winter. This being the 
case, it is natural to expect that cracking from sub- 
grade restraint would develop during the winter. It 
was shown by figure 14 that the greater part of the 
cracking was found after the hot weather of summer, 
rather than after the cold weather of winter as might 
have been expected. It is possible that incipient cracks 
started during the winter do not become discernible 
for some months. Whether or not this is true has not 
been established. It is possible that the residual 
stresses mentioned above would be relieved by plastic 
flow. If this happened, the highest tensile stresses would 
probably be the combined stresses that develop during 
the daily temperature cycle in the summer months. 
The occasional cracking that has developed in the 
shorter sections and in the end areas is probably the 
result of combined load and warping stresses, as the 
restraint of the subgrade could not produce critical 
tensile stress in sections of such length. Also the 
cracking in the shorter sections apparently occurred 
during the summer when warping stresses are high. 


SPECIAL STUDY MADE OF SECTIONS CONTAINING PLANE-OF- 
WEAKNESS JOINTS 


In connection with the study of cracking of the 
various sections of the experimental pavement, an 
opportunity has been afforded to observe the influence 
of traflic on the development and condition of the 
cracks. This 2-lane pavement is one-half of a dual 
highway; consequently, the right-hand lane carries 


the greater number of vehicles and practically all of 


_ heavy trucks, the left-hand lane being used largely 
or p: 


ing. While it might be argued that the two 
slabs are tied together at the center joint and thus 
canno! act independently, still it waell be expected 
that if heavy traffic played an important part in the 
development of the transverse cracking, some difference 
In the condition of the two lanes would exist. None 
has been found. 


It will be recalled that in the experimental pavement 
Were four sections each 500 feet in length, in which 
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SECTIONS. 


contraction or warping joints were placed at 10-foot 
intervals. Two of these sections contained 45-pound 
wire fabric; the other two contained 91-pound fabric. 
The fabric was continuous through the warping joints 
although the bond was broken for 36 inches. hese 
joints were planes of weakness formed by grooves in the 
bottom of the pavement in two sections and in the 
upper surface in the other two sections. 

A record was kept of the time at which the cracks 
appeared over the grooves that had been formed in the 
bottom of the pavement, and this record is shown in 
figure 15. It is noted that only two cracks were found 
at the time of the removal of the burlap and only two 
more during the remainder of the curing period. The 
others occurred gradually until by the end of the first 
year fractures had developed at all of the joints. 

Measurements are being made periodically of the 
changes in width that take place, both at the expansion 
joints and at the warping joints, in these 500-foot 
sections. From these measurements certain trends 
have been observed. 

1. The weakened-plane joints near the center of the 
section open and close slightly with temperature changes 
but there appears to be no tendency for progressive 
increase in width. 

2. The weakened-plane joints near the ends of the 
sections show a tendency toward a progressive increase 
in width. This tendency seems to be greater in the 
sections with the groove in the lower surface of the 
pavement than in those that have the grooves in the 
upper surface. 

3. There seems to be a tendency toward a progressive 
closing of the expansion joints. This tendency is 
apparently more pronounced in the sections containing 
the lighter reinforcement. 

The changes in length of each of the four 500-foot 
sections as measured at the ends for the two annual 
cycles are given in table 6. 

The changes in length are not caused entirely by 
variation in temperature and moisture because, as 
stated, there has been a slight progressive opening of 
some of the plane-of-weakness joints. It will be noted 
in this table that the change in temperature during the 
first year was smaller than that during the second and 
that there is a difference in the length changes of the 
same general order. Using the coefficient of 0.000004, 
as explained earlier, the observed changes in length 
of these 500-foot sections indicate that a certain amount 
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FIGURE 





PROGRESSIVE CRACKING OF SUBMERGED PLANE-OF-WEAKNESS CONTRACTION JOINTS: 
SEPTEMBER 8, 1938. 
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Figure 16.—A, TypicaL Crack OveR SUBMERGED ParrinG Srrip In LANE Carryinc Heavy Trarric: B, Typicat CRAcK OVER 
SUBMERGED ParTING Strip IN LANE CarRYING Licur Trarric; C, Present CoNpbITION OF TYPICAL WEAKENED-PLANE JOIN! 


Wirn SurFace GROOVE. 


of restraint was present during expansion and contrac- 
tion. 

Figure 16 shows the appearance of cracks over the 
submerged grooves in the right-hand and the left-hand 
lanes. These cracks have opened slightly and the 


TABLE 6.—Annual changes in length of 500-foot sections with 
weakened-plane joints at 10-foot intervals 


Time of observation 


Weight of Temper- 


Section i ~ Type of weak- e ; aA i> “3 Change 

No. ™ — ~ | ened-plane joint ‘eiiteoned in length 
Winter Summer 

Lh. per sq. F. Inches 
. ’ {1938-1939 1939 60 1.10 
4... 91 | Submerged 11939-1940 | 1940 84 1.47 
‘a 45 a {1938-1939 1939 60 1. 33 
ooslewessaaaae * 11939-1940 1940 84 1.41 
. {1938-1939 1939 60 74 
. 91 | Surface... 11939-1940 | 1940 84 1.23 
1938-1939 1939 60 &3 
. 45 |...-.do {1900-1980 1940 84 1.05 





edges have become slightly rounded. This condition 
is more noticeable in the right-hand lane. 

Those weakened-plane joints formed under a groove 
in the upper surface appear to be in perfect condition 
at this time. Figure 16—C shows the present condition 
of one of these joints. 


SURFACE ROUGHNESS OF THE SECTIONS COMPARED 


Recently a new instrument for indicating the rela- 
tive roughness of road surfaces has been developed by 
the Public Roads Administration. The roughness of 
the surface is indicated by an index expressed in inches 
per mile of pavement length. With this apparatus | 
is possible to compare the surface roughness of sections 
of various lengths. The device was described i the 
February 1941 issue of Pustic Roaps. 

The relative roughness index of the heavily traveled 
lane as determined during August 1940 for the various 


(Continued on p. 65) 
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THE APPLICATION OF ROAD-USE SURVEY 
METHODS IN TRAFFIC ORIGIN AND DES- 


TINATION ANALYSIS 


BY THE DIVISION OF CONTROL, PUBLIC ROADS ADMINISTRATION ! 


Reported by T. M. C. MARTIN, Assistant Highway Engineer-Economist, and HOMER L. BAKER, Assistant Transportation Economist 


ATA relative to motor-vehicle travel are in general 
procured in two ways. The first is that method 
which the name ‘‘traffic survey”? has been 
applied. The second method is that which has come 
to be designated by the term ‘road-use survey.” 
Traffic surveys embody many ramifications but there 
is one characteristic which differentiates them from the 
second method of evaluating motor-vehicle travel. 
Traflie surveys involve the actual observance of the 
vehicles at some point of their travel on a given trip, 
whereas the road-use surveys depend upon interviews 
with the owners of motor vehicles. In the traffic 
survey the observance of the vehicle at one or more 
points in a particular trip may be supplemented by 
questioning the driver concerning that particular trip. 
The road-use surveys depend upon interviews with the 
owners of motor vehicles during which a complete 
enumeration is made of all or a large part of the travel 
performed in the vehicles of the interviewed owners 
throughout a specified period of time, usually 12 months. 
Most early traffic studies were made by observing the 
movement of vehicles past a station located usually at 
the junction of two or more highways. Traffic surveys 
have grown in scope and many corollary types of in- 
formation are now collected. The gathering of some of 
these data necessitates the stopping of vehicles. This 
isnecessary, for example, where the physical dimensions 
and weights of commercial vehicles and the nature of the 


D 


to 


commodities transported are subjects of inquiry. 
Lately another type of information pertaining to 
vehicle movement has been found useful in_ traffic 


analyses. This information coneerns the origin and 
destination of individual trips by vehicles engaged in 
both private and commercial transportation, and like- 
Wise requires the stopping of traffic. Special origin- 
and-destination surveys have also been made by most of 
the States participating in the highway-planning sur- 
vevs. These studies have usually” been localized to a 
relatively restricted section of highw ay and have yielded 
information relating only to the travel of vehicles over 
the specified section of highw ay or within a limited area. 

The road-use survey embodies certain features whicl 
suggest the possibility of using the data obtained in 


interviews to make State- wide origin-and-destination4~ 


travel analyses. Actually, the origins and destinations 
of as many as possible of the trips made by a selected 
sample of motor-vehicle owners are determined and 
recorded in the road-use surv ey. The road-use survey 
interview form provided for the recording of a complete 
description of each type of trip made during the year, 
including the routes follow ed, the destinations reached, 
and the mileage traveled. 

One of the earliest attempts to obtain travel data by 
questioning drivers concerning the number and extent 
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of their trips was made in Wisconsin about 1916 under 
the direction of A. R. Hirst, State highway engineer. 
A reference to this work was made in the Third Biennial 


Report of the Wisconsin Highway Commission, 1916, 
as follows: 
A eareful inquiry (through written question sheets) among 


automobile owners indicates that the average distance traveled by 
each automobile is at least 3,500 miles per vear on roads outside 
the limits of incorporated cities and villages. If we estimate 
140,009 pleasure cars in use in Wisconsin next year, which seems 
conservative, and each travels this number of miles, the motor 
travel on Wisconsin rural highways will be 490,000,000 miles. 
This does not take into consideration the travel of atitomobiles 
from other States. 


ROAD-USE SURVEYS HAVE BEEN MADE IN 44 STATES DURING 
RECENT YEARS 

Since 1930, road-use surveys have been made in 44 
States, the majority having been conducted between 
1936 and 1940. Two methods of obtaining the driver 
interviews were used in these surveys. The first of 
these methods employed parties of full-time salaried 
interviewers; while the second method was based upon 
the collection of interviews through the publie schools. 
In the latter method, high school pupils were instructed 
in the procedure used to obtain driver interviews. 
The usual practice was to have each student obtain an 
interview based upon the travel of the family auto- 
mobile and if possible an extra interview from a friend 
or neighbor. Excellent results were obtained with both 
methods. 
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Trip Data. 


The results of these surveys have been published by 
many of the States in complete form while others have 
used the road-use data in preparing special reports 
including other related data. 

In order to investigate the potentialities of road-use 
methods for origin-and-destination analyses, a special 
study was instituted using data collected by the Wis- 
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the planning survey, a special tabulating card was 
designed. This card, which is illustrated in figure 1, 
provided for a codified recording of the essential data 
pertaining to each type of trip performed by Milwaukee 
vehicle owners. A log was prepared of each State 
highway in Wisconsin, “and all junctions of both State 
and county roads with each State route were numbered 
to provide a code for the recording of the junctions 
passed on a given trip. Thus, a trip from Milwaukee 
to Wausau, Wisconsin, via U.S. route 41 to Oshkosh, 
thence U.S. route 110 to Fremont, thence U.S. route 
10 to Stevens Point and U.S. route 51 to destination 
would be recorded as shown in figure 1. Since the 
junctions were numbered starting from the south and 
east, this would mean merely that Milwaukee was the 
15th paps on U.S. route 41, Oshkosh the 48th 
junction on U.S. route 41 and the zero junction on U.S. 
route 110, cane the 10th junction on U.S. route 110 
and the 24th on U.S. route 10, Stevens Point was the 
36th junction on U.S. route 10 and the 34th on U.S. 
route 51, while Wausau was the 40th junction on U.S. 
route 51. 

ANALYSIS INDICATES EXTENSIVE USE OF ALL STATE ROUTES BY 

MILWAUKEE RESIDENTS 


The recording of information regarding route junc- 
tions in this manner greatly fac ilitated the operations 
necessary in making trip origin-and-destination analy- 
ses. All that was required following the recording of 
trip information on these cards was an orderly sorting 
and tabulating procedure whereby the number of trips 
performed over various sections of the State highway 
system could be ascertained. In this particular 
analysis, only the travel on the State system was the 
subject of i inquiry and consequently the ‘“‘destination’’ 
was the point at which the route followed departed from 
the State highway system either to city streets or to 
local rural roads. 

The Milwaukee road-use survey included in its 
passenger-car sample reports from 2,387 vehicles. 
The total number of passenger vehicles registered i 
the city at the corresponding period was 113,342. The 
method of expanding the trip information obtained 
from the sample involved the application of the follow- 
ing formula: 


Number of trips 


total passenger car registration 
(from sample) 


passenger cars in sample 


mated total trips for complete passenger-car regis- 
tration. 


esti- 


Two maps have been prepared to illustrate the data 
obtainable from this type of analysis. The first map, 
figure 2, is based upon the regular traffic volume 
studies conducted by the Wisconsin highway-planning 
survey. The map shown in figure 3 was prepared from 
trip-destination data from the special road-use tabular 
cards described above. The first map represents the 
use of Wisconsin State highways by all passenger cars, 
both of Wisconsin and forei ‘ign registration, and without 
regard to their owners’ residential classification. The 
second map represents the travel upon the same State 
highways by passenger cars having Wisconsin regis- 
tration and owned by residents of the City of Milwaukee. 

Many of the roads shown in the second map carried 
less traffic than could be accurately shown at a scale 
in keeping with permissible over-all dimensions. It 
was necessary to distinguish, therefore, the point at 
which the traffic became so small that the width of 

















! 


the line prevented accurate graphical representation. 
This was taken to be a volume of 50 cars per 24 hours, 
Consequently, the dotted lines represent average 
annual 24-hour traffic of less than 50 passenger cars 

These maps illustrate the extensive use of the State 
highway system and emphasize the intensive use of 
those roads lying within a comparatively short dis- 
tance of Milwaukee. The extensive use of the entire 
primary system by residents of Milwaukee indicates 
the widespread distribution of points of interest for 
trips originating in Milwaukee. The location of many 
urban centers of varying importance to Milwaukee 
residents within a radius of 85 miles tends to make the 
highways within that distance of more importance to 
Milwaukee drivers than those highways which lie at 
greater distances from the city. Cities of major im- 
portance to Milwaukee drivers which lie near th 
extremities of this 85-mile radius are Chicago, on U 
route 41, Madison, on U.S. route 18, and Oshkosh on 
U.S. route 41. Figure 3 indicates that Milwaukee 
drivers make extensive use of these routes to reach 
these cities. 

While travel to these larger cities accounts for a larg 
proportion of the total use of the primary system, th 
number of trips to these places is far exceeded by th 
number of trips to points relatively close to Milwauke: 
Figure 4, which is an enlargement of the area lying 
within a 50 mile radius of Milwaukee and based on 
figure 3, illustrates the intensive use of the State high- 
ways within a 30-mile radius of the City and the rapid 
decrease in the volume of Milwaukee passenger cars 
using these highways at points more than 30 miles 
from the City. 

Figure 5, is an enlargement of the area lying within 
a 50-mile radius of Milwaukee, and is based upon th 
total passenger-car traffic on State trunk highways 


STUDY INDICATES THAT LARGE PROPORTION OF ANNUAL TRAVEL 
CONSISTS OF RELATIVELY SHORT TRIPS 


Several recreational areas within a 40-mile radius 0! 
Milwaukee are visited frequently by residents of that 
city. The proximity of numerous lakes is an important 
factor in the use of rural highways in the vicinity o! 
Milwaukee. Many Milwaukee residents have estab- 
lished summer homes in this lake region, whieh lies 
within 30 miles of the city. A large proportion 0! 
travel to nearby points is oceasioned by trips to thes 
summer residences and by evening and week-end trips 
to resorts. The influence of these factors is illustrated 
by the rapid decline in the amount of traffic on th 
principal routes at points 20 to 30 miles from the city 
These factors exert the greatest influence on travel ot 
routes leading to the area lying west and southwest 0 
Milwaukee. 

Travel to Chicago by Milwaukee residents probably 
accounts for the relatively uniform use of U. S. route 4! 
from Milwaukee to the State line. Similarly, this same 
route leading to Fond du Lac and Oshkosh north o 
Milwaukee does not show a rapid decline in the volum 
of traffic at points close to the city. This is the prince: 
pal route leading to these important cities and it al 
carries large volume of traffic to the reereation 
areas in the northern lake region. 

Figure 3 presents a reasonably accurate picture © 
the use of the State primary system by Milwaukee 
residents. A comparison of this map with figure - 


(Continued on p. 66) 
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METHOD OF COMPUTING THE INTERSEC- 






TION OF A LINE WITH A SPIRAL AND ANY 


CURVES PARALLEL 


TO THE SPIRAL 


Reported by M. C. KOEHLER, Senior Engineer Inspector Foreman, District 1, Public Roads Administration 


in highway design and construction, the problem 

of computing the intersection of a line with such a 
curve, and its parallel right-of-way lines, has persistently 
presented itself in the computation of property line 
ties preparatory to the preparation of right-of-way 
descriptions. Various approximate methods have been 
proposed from time to time, but like all approximate 
methods are unsatisfactory if an exact solution is 
possible. 

Although the solution presented in the following 
paragraphs is not exact in a strictly theoretical con- 
cept, it is an exact solution from a practical standpoint 
since the results are within the limits of measurement 
possible with standard engineering instruments. 

In figure 1, assume CA to be a property line inter- 
secting a talbot spiral BD, the intersection occurring 
at point A. The solution is then of triangle ABC of 
which the following is known: 

Distance CB which has been determined by the 
coordinates shown or 776.68 feet. 

Angle a which is determined from the bearings of line 
CA and CB or 7°09.5’. 

Now scale chord BA attempting to choose the length 
to the nearest foot just short of the exact length. In 
this case try 228 feet. 

Since the chord length has been assumed, and know- 
ing the characterstics of the spiral shown in figure 1, 
now compute angle @ which is 25°03.3’. 

By the law of sines: 


Gin ti the adoption of the spiral or easement curve 


776.68 & sin 7°09.5’ _ 
BA : — h a 228.55 >228- 
sin 25°03.3 
Vow try the chord 229 feet. 
776.68 X sin 7°09.5’ 
BA=— one 7 = 228.47<229- 


sin 25°03.9’ 

These results are shown in table 1, together with 
values found for chords 227 and 230 feet. 

It is thus found that the true chord length is some- 
thing between 228 and 229 feet and always occurs 
between the two chords where the difference between 
the assumed chord and the computed chord changes 
sign. It should also be noted that even though the 
assumed chord were sealed several feet from its true 
value, the computed chord always calculates within a 
few tenths of the true value, materially reducing the 
number of trials to be made in isolating the true length 
within a foot. 


TaBLE 1.—Differences between assumed and computed chords 


Assumed Computed 5 
chord chord Difference 
227 228. 64 +1. 64 
228 228. 55 +0. 55 
229 228. 47 —(). 53 
230 228. 38 —1, 62 


NOI-27 € 





- 





WitTH A SprrRAL CURVE. 


LINE 


FIGURE 1.—INTERSECTION OF A 
By interpolation, it is possible to compute the true 


chord which will close triangle ABC. 


228-4 - - 228. 51> 
u. oo 0. 53 
Proof: 
776. 68 X sin 7°09.5/ 
440.0 1 ¢ J. ~ 
BA en = 228.51- 
sin 25°03.6 


The further solution of triangle ABC gives: 


| 776. 68 > 


sin 32°13.1° 
| Y aw 077 Gle 
CA sin 25°03.6’ 977.61 


From any table of spiral data it is found that the are 
distance is 0.04 foot longer than the chord 228.51. 


Therefore 228.51+0.04= 228.55 feet and the station 
of intersection is: 
P. S. 162+77.734+-228.55=165+06.28 and bears 


N 01°27’ E a distance of 977.61 feet from the prop- 
erty corner. 


INTERSECTION WITH CURVES fr ARALLEL TO SPIRAL COMPUTED 


In figure 2, assume an inside right-of-way line, always 
50 feet from and parallel to the talbot spiral, inter- 
secting the property line at point C. In triangle ABC 
the distance CB, which is 50 feet, is known. 

As before scale chord BA using 103 feet for the first 
trial. 

Now 228.55—103.00=125.55 feet which is assumed 
to be the chord from the P. 8. (point of spiral) to point 
B. From this chord compute the bearing of the local 
tangent at point B and then compute the bearing of the 
normal to this tangent which is CB. Taking the 
| difference in bearings of CB and CA, angle a@ is found 
| to be 65°03.0’. 

By the method of computing the deflection from any 
point on a spiral to any other point on the spiral, 
compute the bearing of BA. Taking the difference in 
bearings between BA and CA angle ¢ is found to be 
26°03.0’. 
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AND PARALLEL TO A SPIRAL CURVE. 


By the law of sines: 
50 sin 65°03.0’ 
=—- =103.23>103. 
sin 26°03.0 oe | 
Now try the chord 104. 
50 


AB= 





<sin 65°03.5’ 
= " — = 103.26< 104. 
sin 26°02.7’ 10 mK 





AB= 
By interpolation the chord which will close triangle 
ABC is found to be 103.24. 
50 Xsin 65°03.2’ 
sin 26°02.8’ 





Proof: AB= = 103.24. 


The further solution of triangle ABC gives: 


103.24 sin 88°54.0’ 
sin 65°03.2’ 


Therefore 977.61—113.84=863.77 feet from the 
property corner and is 50 feet at right angles from cen- 
terline station 164+03.05. 

Figure 3 shows the outside right-of-way line which 
intersects the property line at point D. It is evident 
that this intersection is not on the parallel spiral but 
occurs on the parallel simple curve and the solution is 
by coordinates and triangulation, resulting in the | 
solution of triangle COD by the following method: 

Starting with the coordinates of point B compute 


CA= =113.84. 





the coordinates of point E and then point O, which is | 


of sines angle ¢ is 
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FIGURE 3.—INTERSECTION OF A LINE WITH A CURVE QuTSIDE 


AND PARALLEL TO A SPIRAL CURVE. 


the center of the simple curve. From the coordinates 
of point O and C, OC is found to bear N 74°12.2’ W 
and is 1,317.02 feet long, making angle a 75°39.2’ 
Side OD is equal to the radius of the simple curv: 
(1,432.40) plus 50 feet or 1,482.40 feet, and by the law 
59°23.9’ and angle @ is 44°56.9’. 


56.9’ 1317. 02 


_ sin 44° 


Therefore CD 
Cherefore I sin 59°23.9’ 


1,080.98 feet 








which is the distance from the property corner C to 
point D on the right-of-way line. From the bearings 
of OE and OG angle 8 is found to be 0°42.1’ which 
subtends 17.54 feet on the are of the 4° simple curve 
and point D is 50 feet at right angles from centerline 
station 165+95.27. 

In these computations it will be noted that all angles 
have been carried out to tenths of a minute. This has | 
been found necessary to make all lineal distances cal- 


| culate to the nearest one hundredth of a foot. 


There are many other combinations of property 
lines intersecting spirals which are not presented in the 
above problem, but all are solvable by the method out- 
lined. One point should be borne in mind; always 
choose a triangle in such a manner that one side is 4 
chord of the centerline spiral, since the characteristics | 
of that curve are known. Distances and angles may 
be computed to any point on the parallel spiral, but 
the exact characteristics of the parallel spiral itself are | 
still open to solution. 





NATURAL-COLOR SLIDES OF MERRITT PARKWAY | 
AVAILABLE 


A film book composed of natural-color slides of aerial | 
pictures and script covering the story of the Merritt | 
Parkway, including its connection down to New York 
through the West Side Highway, has recently been | 
completed. Prepared by the Yale University Bureau 
for Street Traffic Research in cooperation with the | 
Connecticut Highway Department, the film book is | 
called “‘Roads Leading North.”’ 

In addition to the 84 2- by 2-inch slides with accom- 


panying script, there is a technical trailer consisting of | 


| Traffic Research, 


over 20 slides and script dealing with enginering detail, 
| accident experience, and the volume and _ speed of 
vehicles. The slides may be shown on any 2- by 2-inch 
projector. 

‘Roads Leading North”’ is available on loan without 
charge other than transportation from and to Yale 
University or nearby depository, to any highway «epar'- 
ment, highway commission, traffic engineering «epart- 
ment, or similar organization dealing with hichway 
problems. Requests for the film book should be 
addressed to: Bryant Burkhard, Yale Bureau for Stree! 
Strathcona Hall, Yale University, 


New Haven, Conn. 
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sections of the experimental reinforced pavement is 
shown in figure 17, plotted with respect to section 
length. The pavement at this time was nearly 2 years 
old. It will be noted that in this graph different sym- 
bols are used to distinguish between sections reinforced 
with the different types of steel. A study of this fig- 
ure indicates that: 

1. The pavement as a whole is smooth (with this 
apparatus, index values of the order of 80 to 120 repre- 
sent smooth surfaces, 200 and above indicate rough 
surfaces). 

2. The different types and weights of reinforcement 
have had no noticeable influence on the relative rough- 
ness of the various sections. 

3. With modern methods of construction and proper 
care, the number or spacing of joints in a concrete 
pavement apparently need not affect its surface rough- 
ness. 

The roughness index for the four special sections with 
weakened-plane joints at 10-foot intervals is shown on 
the graph as a section length of 500 feet (the distance 
between expansion joints). ‘Two points are shown, one 
for the two sections with submerged joints and one for 
the two with surface joints. These sections appear to 
be no rougher than sections of equal length having no 
intermediate joints. In fact, their surface roughness 
appears to be about the average for the experimental 
pavement as a whole. 

It should be pointed out that any effect of the design 
of the various sections on their smoothness will probably 
become more evident as time passes. The data pre- 
sented in figure 17 are intended to furnish a basis for 
future comparisons. 


SUMMARY 


In the course of this progress report the data that 
have been obtained in the several detailed surveys made 
during the 2 years of service life of the experimental 
pavement have been presented and discussed and cer- 
tain trends have been pointed out. 

It has been shown that in the long, heavily reinforced 
sections many fine transverse cracks have developed 
in the central area. Frequently, these cracks are no 
more than 2 feet apart. At all times and in all cases 


the cracks have remained tightly closed and no spalling, 
raveling, or disintegration has yet appeared at any of 
them. 

In the sections of intermediate length containing the 
z-inch diameter bars a moderate amount of transverse 
cracking has developed in the longer sections, and but 
relatiy little bas developed in the shorter sections. 
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FIGURE 17.— RELATIVE ROUGHNESS OF VARIOUS SECTIONS OF 


PAVEMENT. 


In this group of sections the cracks are open slightly 
more than those in the sections containing the %-inch 
and 1-inch diameter bars, but there is as yet no sign of 
spalling, raveling, disintegration, or of inelastic defor- 
mation of the steel. 

Only a limited amount of transverse cracking has 
occurred in the sections containing the welded wire 
fabric. The cracks that are present are open slightly 
more than those in the more heavily reinforced sections 
but here also no evidence of spalling, raveling, dis- 
integration, or structural weakness has been found. 

There appears to be a relationship between the length 
of the section as constructed and the average slab 
length (or distance between transverse cracks). So far 
there appears to be no relation between the average 
slab length and either the type or the amount of longi- 
tudinal steel. 

The amount of change in elevation observed from 
season to season has been small (less than 1 inch) and 
has not been uniform. There is nothing to indicate that 
it has affected the structural integrity of the various 
sections. 

In the four special 500-foot sections containing 10- 
foot slabs separated by plane-of-weakness joints, the 
sections as a whole are in excellent condition. The 
joints in which the surface groove was used are ap- 
parently perfect; those formed by a submerged parting 
strip have opened and raveled slightly. 

Relative roughness determinations over the experi- 
mental pavement show that the surfaces of the sections 
were very smooth after about 18 months of service. 
The sections containing planes of weakness at 10-foot 
intervals were as smooth as those in which the joints 
were 1,000 feet or more apart. 
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FIGURE 4.—AVERAGE 
TruNK HIGHWAYS IN THE 
PASSENGER CARS OWNED BY 


indicates the importance of the travel of Milwaukee 
residents in relation to the total travel upon the State 
system. The assembly of similar origin-and-destina- 
tion data for all travel on the primary system on a 
State-wide basis would be valuable in highway admin- 
istration. A study of this type would not, however, 
replace the special origin-and-destination studies which 
are necessary whenever a construction program is 


under consideration. 

A State-wide survey made by road-use survey pro- 
cedures should be looked upon as an adjunct to the 
study. 


special origin-and-destination This method 
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would provide a qualitative approach to the proble 
and, if it were found desirable to obtain quantitati 
data, a special study could be made. The chi 


advantage of the State-wide method is in its compar 


tive economy, for it is doubtful if so large a volume ¢ 
useful data on travel habits could 
economically in any other way. The developmen 
and use on a State-wide basis of such methods shou! 
result in a more efficient expenditure of funds 
special studies since they could be planned and operat 
more efficiently if fairly accurate preliminary data we! 
readily available. 
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PUBLICATIONS of the PUBLIC ROADS ADMINISTRATION 








Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C. As his office is not connected with the 
Agency and as the Agency does not sell publications, please 
send no remittance to the Federal Works Agency. 


ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
) cents. 

Report of the Chief o 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
J cents. 


the Bureau of Public Roads, 1934. 


—_ 


ff Public Roads, 1936. 


~ 


Report of the Chief of the Bureau 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1938. 
10 cents, 


Report of the Chief of the Bureau of Public Roads, 1939. 
10 cents. 


HOUSE DOCUMENT NO. 462 


Part | Nonuniformity of State Motor-Vehicle Trafhec 
Laws. 15 cents. 

Part 2 Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3 Inadequacy of State Motor-Vehicle Accideii 
Reporting. 10 cents. 

Part 4 Official Inspection of Vehicles. 10 cents. 

Part 5 Case Histories of Fatal Highway Accidents. 
10 cents. 

Part . The Accident-Prone Driver. 10 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 76M The Results of Physical Tests of Road-Building 
Rock. 25 cents. 

No. 191M} Roadside Improvement. 10 cents. 

No. 272MP Construction of Private Driveways. 10 cents. 

No. 279\1I Bibliography on Highway Lighting. 5 cents. 

Highway Accidents, 10 cents. 

The Tax«tion of Motor Vehicles in 1932. 35 cents. 

Guid sto lrafhie Safety. 10 cents. 

An Ec nme and Statistical Analysis cf Highway-Construction 

Expencitures. 15 cents. 

Highway !3ond Calculations. 10 cents. 

Transitio Curves for Highways. 60 cents. 

Highwavs « History. 25 cents. 


DEPARTMENT BULLETINS 
No. 1279D 


Rural Highway Mileage, Income, and Expendi- 


tures, 1921 and 1922. 15 cents. 
No. 1486D Highway Bridge Lecation. 15 cents. 
TECHNICAL BULLETINS 
No. 55T Highway Bridge Surveys. 20 cents. 
No. 265T Electrical Equipment on Movable Bridges. 


35 cents. 








Single copies of the following publications may be obtained 
from the Public Roads Administration upon request. They can- 
not be purchased from the Superintendent of Documents. 


MISCELLANEOUS PUBLICATIONS 

No. 296MP Bibliography on Highway Safety. 

House Document No. 272 Toll Roads and Free Roads. 
Indexes to PUBLIC ROADS, volumes 6—8 and 10—20, inclusive. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 

Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 

Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 


UNIFORM VEHICLE CODE 
Act !.—Uniform Motor Vehicle Administration, Registration, 


Certificate of Title, and Antitheft Act. 


Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 


Uniform Motor Vehicle Civil Liability Act. 

Act IV.—Uniform Motor Vehicle Safety Responsibility Act. 
Act V.—Uniform Act Regulating Traffic on Highways. 
Mcdel Traffic Ordinances. 


Act Il. 


Act III. 








A complete list of the publications of the Public Roads Ad- 
ministration, classified according to subject and including the 
more important articles in PUBLIC ROADS, may be obtained 
upon request addressed to Public Roads Administration, Willard 
Bldg., Washington, D. C. 
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